The effects of monochromatic blue, red and far-red light from commercial available light-emitting diode modules on the in vitro growth of Ficus benjamina 'Exotica' were compared with the effect of fluorescent light. The plants were micropropagated on a basal medium with 0.5 mg/L IAA and 2 mg/L BA. Our study showed that monochromatic blue, red and far-red and their combinations are suitable to manipulate the number of shoots, shoot length, shoot/callus weight ratio and leaf length/width ratio in Ficus benjamina. In general, the presence of blue light had a stimulating effect on the number of shoots, but also reduced shoot length. Grown under red light, the explants produced less but more elongated shoots. Blue light stimulated callus growth even in the presence of red light. Far-red had a negative effect on biomass production in general with a reduction in total number of shoots and both shoot cluster and callus weight. Under red and far-red light conditions, the morphology of the leaves was different from blue light conditions with an increase in relative leaf length as the most prominent characteristic.
INTRODUCTION
Photosynthesis involves excitation and electron transfer, energized by the absorption of photons in the wavelength range of 400-700 nm. A number of developmental effects, such as elongation, germination and flower induction are controlled by radiation in a limited range of wavelength bands: blue, red and far-red. The trend of brighter intensity and lower price has made LEDs a promising light source for plant tissue culture. The currently available blue, red and far-red LED technology allows full control of the light quality for tissue culture cultivation and facilitate the evaluation of effects of high photon flux and peak spectral output on in vitro plantlet growth. Control of plantlet morphology is important in micropropagation to obtain desired plantlet quality at different in vitro stages. For instance, elongated internodes are practical to excise node cuttings, short, thick shoots and large leaves are better for acclimatization. A major concern for commercial application of LED irradiation systems is the quality of in vitro plants grown under LED. We have therefore compared the growth pattern and morphology of in vitro Ficus benjamina plantlets grown under fluorescent and (combinations of) monochromatic blue, red or far-red LED light.
Before high performing LEDs were available, red and blue light enriched spectra could be obtained by rather impractical combinations of fluorescent lamps with red and blue polyester filters. Far-red light was provided by incandescent lamps in combination with several other polyester filters (Muleo et al., 2001 ). This resulted in quite a number of studies that have confirmed the physiological and morphological effects of light quality. Here, only in vitro LED literature will be discussed.
MATERIALS AND METHODS
Ficus benjamina 'Exotica' was micropropagated in 380 ml glass vessels with a . The culture racks were divided in boxes with white walls and a white door (Fig. 1) , in which Philips GreenPower LED Research Modules were mounted. After 10 weeks under these conditions, shoot cluster and callus weight, shoot number and length were measured. Shoots were counted in three classes: <1 cm, 1-2 cm and >2 cm. Per explant, length and width of all leaves of one random shoot per vessel were measured by image analysis. The experiment was replicated three times, with 9 vessels per light treatment for each replicate. Data of the treatments were subjected to one way ANOVA, mean separation was done by Tukey's HSD test (p=0.05).
RESULTS AND DISCUSSION

Shoot Number per Explant and Shoot Size
Under R, the explants produced less but more elongated shoots ( Fig. 3 ) then under B and FL (Table 1 ). The presence of blue light had a stimulating effect on the number of shoots. More shoots means smaller shoots. Most shoots were recorded under B, RB and FL, which indicates that, for this parameter, blue light 'dominates' red light R when used together. B also dominates FR. FR, R and RFR were disadvantageous for the total number of shoots.
These results are in line with a number of recent reports. Moon et al. (2006) analyzed the effects of R and B on in vitro Tripterospermum japonicum. The longest nodes were observed from R-treated plants, the shortest from the B-treatment. Although plants were tallest under red light, their growth was fragile due to excessive internodal elongation. Vitis vinifera showed a significantly stimulated shoot elongation under R whereas B and the combination of B and R were associated with short shoots (Heo et al., 2006) . Chrysanthemum shoots showed largest stem length under R and RFR. Also here, the presence of B reduced stem length (Kim et al., 2004) . All these reports deal with plants grown on cytokinin free medium and as a consequence no data about shoot proliferation is available. Poudel et al. (2008) showed that, in combination with 0,5 mg/L BA and 0.01 mg/L NAA, plant height and internode length of Vitis was significantly longer in plants cultured under R. Shoot length under B and FL were not different. In this study there was no effect on shoot number, in contrast with the findings of Chée (1986) who found a higher shoot production under B. Li et al. (2010) reported that stem length and second internode length of Gossypium hirsitum were largest in plantlets cultured under the BR and B, followed by R and FL.
By means of phytochrome signaling, plants sense an increase in FR radiation caused by the reflection of FR by neighboring plants and respond with increased elongation (Ballaré, 1999) . This effect of FR is not observed in our experiments with Ficus benjamina. FR does not drive photosynthesis, so this could be the reason why plants grown under pure FR are small, in spite of the available sucrose in the medium. Generally, reduced levels of blue light occur when the canopy begins to close and this drop causes a reduction of stem elongation (Ballaré, 1999) . Blue light is perceived by 535 cryptochrome. The mode of CRY signal transduction towards etiolation has recently been reviewed by Liu et al. (2011) .
Shoot Cluster and Callus Weight
The positive effect on shoot cluster weight of red light was counteracted by the overall negative effect of blue light ( Table 2 ). The highest callus weight was observed under B and RB, followed by FL. Blue light strongly stimulated callus growth and this was not prevented by red light application. The presence of FR had a negative effect on both shoot cluster and callus weight. The negative effect of B on shoot weight and its positive effect on callus growth is reflected in the low calculated shoot/callus weight ratio (Table 2 ). These results show that, in all conditions, blue light had a negative effect on the weight proportion of the shoots. Also FL contains blue light and yields a low shoot/callus weight ratio.
Analogue experiments in Chrysanthemum showed that in vitro plants performed poorly under BFR and produced the lowest fresh and dry weight under these light conditions. In contrast with our results, BR and FL gave the highest fresh and dry weight (Kim et al., 2004) . In micropropagated Tripterospermum japonicum (Moon et al., 2006) , B gave the lowest fresh weight and the fresh weight recorded under BR overtook those under R and FL. The same negative effect of B on fresh and dry weight of B was recorded in in vitro Vitis by Heo et al. (2006) . Callus fraction was not determined in these studies since cytokinins were not supplemented to the medium.
Leaf Length/Width Ratio
The presence of R and FR yields narrow leaves, in contrast to B that confers oval leaves, just as FL (Table 3) . When combined with red or far red light, blue light can only level the effect of red light, not that of far red. This is illustrated by the smaller ratio for B, RB and FL and is reflected in the observations of Shin et al. (2008) in micropropagated Doritaenopsis, where leaf length increased for plants grown under R compared to B, BR and FL.
CONCLUSION
Our study shows that monochromatic blue, red and far-red and their combinations are suitable to manipulate the number of shoots, shoot length, shoot/callus weight ratio and leaf length/width ratio in Ficus benjamina. In general, the presence of blue light had a stimulating effect on the number of shoots but also reduced shoot length. Grown under red light, the explants produced less but more elongated shoots. Blue light obviously stimulates callus growth and this could hardly be levelled by red light. FR had a negative effect on total number of shoots and both shoot cluster and callus weight. The presence of R and FR yields longer leaves, in contrast to the rounder leaves that develop under blue light. 
